We report on the rst results obtained from a new optical identication programme of 123 faint X-ray sources with S(0.5{2 keV) > 2 210 014 erg s 01 cm 02 serendipitously detected in ROSAT PSPC pointed observations. We have spectroscopically identied the optical counterparts to more than 100 sources in this survey. Although the majority of the sample (68 objects) are QSOs, we have also identied 12 narrow emission line galaxies which have extreme X-ray luminosities (10 42 < L X < 10 43:5 erg s 01 ). Subsequent spectroscopy reveals them to be a mixture of starburst galaxies and Seyfert 2 galaxies in approximately equal numbers. Combined with potentially similar objects identied in the Einstein Extended Medium Sensitivity Survey, these X-ray-luminous galaxies exhibit a rate of cosmological evolution, L X / (1 + z) 2:561:0 , consistent with that derived for X-ray QSOs. This evolution, coupled with the steep slope determined for the faint end of the X-ray luminosity function (8(L X ) / L 01:9 X ), implies that such objects could comprise 15{35 per cent of the soft (1{2 keV) X-ray background.
INTRODUCTION
The launch of ROSAT has provided a new opportunity to resolve the soft (0.5{2 keV) X-ray background (XRB) down to ux levels ve times fainter than achieved with the deepest pointings performed by the Einstein satellite (Griths et al. 1992) . At these levels (S 2 2 10 015 erg s 01 cm 02 ) almost 60 per cent of the XRB is resolved (Hasinger et al. 1993 ) and, at the current limit of the follow-up optical identication programmes (S 4 2 10 015 erg s 01 cm 02 , Georgantopoulos et al. 1995) , QSOs account for the majority ( 75 per cent) of the extragalactic sources. However, uctuation analyses (Hasinger et al. 1993; and dierences between the X-ray spectra of QSOs and that of the background (Georgantopoulos et al. 1995) suggest that these QSOs are unlikely to contribute more than 50 per cent of the 1-keV background and probably do not comprise more than 20 per cent of the XRB at harder energies (2{10 keV), the energy range at which the XRB was rst discovered (Giacconi et al. 1962) . Indeed, at faint ux levels, S < 10 014 erg s 01 cm 02 , the spectroscopic observations of Georgantopoulos et al. (1995) tentatively identify an increasingly large fraction of galaxies as counterparts to X-ray sources.
Unfortunately the low ux levels currently employed in both the X-ray and optical regimes make optical identication dicult and positional coincidence hard to establish conclusively (e.g. Georgantopoulos et al. 1995) . By slightly increasing the ux limit and extending any survey over a wider area, it may be possible to identify the brighter members of any new class. We have therefore carried out an optical identication programme of X-ray sources detected by ROSAT at a level intermediate in ux, S(0:5 0 2 keV) = 2 2 10 014 erg s 01 cm 02 , between the deepest ROSAT surveys and the Extended Medium Sensitivity Survey (EMSS, see Stocke et al. 1991) performed with the Einstein satellite at a ux limit S(0:3 0 3:5 keV) 1 2 10 013 erg s 01 cm 02 .
The sources in our survey were detected`serendipitously' in existing PSPC elds available in the ROSAT archive, originally taken to study the X-ray properties of known targets (QSOs/CVs/galaxies). The optical counterparts of these X-ray sources were identied spectroscopically with the William Herschel Telescope (WHT). A full description of the survey and catalogue will appear elsewhere (McMahon et al., in preparation, hereafter M95) . In this paper we report on the discovery of a signicant number of narrow emission line galaxies in the survey. In Section 2 we briey describe the selection of the X-ray sources, the optical identication procedure and the spectroscopic observations. We discuss our results in Section 3 and present our conclusions in Section 4. 02 , signicantly greater than the faintest ux detectable even on the elds with the shortest exposures. Source uxes were measured using a xed 2.5-pixel radius aperture. Background subtraction was made using a single level for the whole eld (typically < 0:3 count pixel 01 ), determined from a t to the histogram of pixel values within the 15-arcmin radius region. On more than half of the elds in this analysis (11), the spectroscopic identication is 90 per cent complete to the ux limit S(0:5 0 2 keV) > 2 2 10 014 erg s 01 cm 02 . On the other elds (principally the shorter exposure elds), we subsequently imposed a brighter ux limit to ensure a similar level of spectroscopic completeness on these elds. The revised area coverage as a function of X-ray ux limit in the 0:502 keV passband can be derived from Table 1 . A total of 123 serendipitous sources were identied over the 20 PSPC elds used in this analysis.
Optical identication
In order to search for optical counterparts, the measured X,Y positions for the X-ray sources were transformed to RA and Dec. using their osets from the central`target' source in each PSPC eld (usually a QSO) whose optical position was known to 1-arcsec accuracy. APM measurements of Palomar Observatory Sky Survey (POSS) O and E plates (McMahon & Irwin, in preparation) were then used to provide a list of optical counterparts found within 20 arcsec of each source. Out to 20 arcsec, 112 out of 123 X-ray sources (91 per cent) had at least one optical counterpart identied to the limit of the POSS plates (O < 21:5 mag, E < 20 mag). The 20-arcsec radius represents 2.5 times the observed width of the X-ray to optical positional cross-correlation function ( Fig. 1(a) ). The mean O 0 E colour of these counterparts is much bluer than the overall colour distribution ( Fig.  1(b) ), demonstrating that the counterparts are dominated by QSOs (O 0 E 1 mag, McMahon 1991). The X-ray source positions were subsequently revised to give a zero mean positional oset in each eld between the X-ray and optical positions of sources with a blue (O0E < 1:2 mag) optical counterpart. However, this changed the nearest optical counterpart in only 5 per cent of the total sample. As can be seen from Fig. 1(a) , a signicant number of optical images ( 35 per cent) identied within 20 arcsec will be chance coincidences, giving rise to multiple optical counterparts for some X-ray sources. For sources with more than one optical counterpart, spectroscopy was carried out in strict order of increasing separation between the X-ray position and optical counterpart until a plausible candidate (e.g. QSO, M star) was identied. In all but 10 cases the closest object turned out to be the correct identication.
2.3 Optical spectroscopy Low-resolution ( 6 A) spectroscopy was obtained for the optical counterparts with the ISIS double arm spectrograph at the WHT on the nights of 1993 June 19{22. ISIS was operated with 158 line mm 01 gratings in the blue and red arms (a dichroic lter was used to split the light at 5400 A), with the Tektronix and EEV CCDs used as the detectors in the blue and red arms respectively, giving an overall instrumental resolution of 2.9 A pixel 01 . Throughout the run the seeing was 1 arcsec, and most of the observations were made with a 1.5-arcsec slit. In these conditions, exposure times of 300{1200 s were sucient to yield an adequate signal-tonoise ratio ( 15) in the spectra of the optical candidates (19 < O < 21). Spectra for 118 optical candidates were obtained, resulting in a positive optical identication for 107 of the 123 X-ray sources in the CRSS (including three previously known QSOs). An additional two bright (O < 12 mag) stellar optical counterparts were not observed, but, if they are assumed to be galactic stars, the identication rate for the survey is 89 per cent. Of the remaining 14 unidentied X-ray sources, 11 had no optical counterpart within 20 arcsec of the X-ray position on the POSS, one optical counterpart had an inconclusive, low signal-to-noise ratio spectrum, and a further optical counterpart was not observed due to lack of time. A Kolmogorov-Smirno (KS) test performed on the X-ray ux distributions of both the identied and unidentied sources revealed no signicant dierences between the ux distributions for the two samples at the 95 per cent condence level. To account for this incompleteness, in the analysis below we have therefore multiplied the total area surveyed at each X-ray ux limit by 0.89 to yield an eective survey area.
3 X-RAY GALAXIES 3.1 General properties The majority of the objects identied were QSOs (68), classied from the presence of broad (> 1000 km s 01 ) emission lines. Full details of the properties of the QSO population (e.g. evolution, luminosity function) will be discussed by M95. We also identied 12 narrow emission line X-ray galaxies (NLXGs) with optical magnitudes in the range 17 < O < 21. The criterion for inclusion in this class was a measured H full width half maximum (FWHM) of < 1000 km s 01 . The limit clearly marks the division between broad and narrow emission lines in the CRSS survey (see Fig. 2 ). The discovery spectra for all these galaxies are plotted in Fig. 3 and their names, positions, redshifts, 0:5 0 2 keV uxes and luminosities are given in Table 2 . Luminosities were derived assuming q 0 = 0:5, H 0 = 50 km s 01 Mpc 01 and an X-ray spectral index X = 1:0. The X-ray luminosities for these galaxies lie in the range 10 42 < L X < 10 43:5 erg s 01 , one to two orders of magnitude more luminous than late-type galaxies (Fabbiano 1989) , which these galaxies most closely resemble in terms of their optical spectra. All the X-ray images for these galaxies are consistent with a point source, ruling out any signicant contribution to the X-ray luminosity from extended cluster emission at the typical redshift (z 0:2) of the sample.
It is unlikely that galaxies have been identied merely by chance positional coincidence. All galaxies were found within 10 arcsec of the X-ray source position. Based on the mean surface density of optical counterparts to the plate limit (see Fig. 1(a) ) we expect only 15 per cent of the X-ray sources to have a spurious optical counterpart at this separation. Of these chance coincidences, approximately half will be galaxies (based on the relative numbers of stars and galaxies identied at the POSS plate limit) and, of these galaxies, 20030 per cent will exhibit emission lines (based on the relative number of emission line galaxies at this magnitude limit, Broadhurst, Ellis & Shanks 1988). Thus only 1 0 2 per cent of the total sample ( 1 02 X-ray sources)
will have a positional coincidence (at < 10 arcsec) with an emission line galaxy. An even smaller fraction will exhibit the high [OIII]/[OII] emission line ratios observed for galaxies in this sample (see below), and thus we consider it likely that the vast majority, if not all, of these galaxies are the true counterparts of the X-ray sources.
The We have managed to obtain a more accurate classication for 10 of the NLXGs using subsequent higher resolution (1.5 A), higher signal-to-noise ratio ISIS spectra of the redshifted H and H regions in these objects. These spectra were obtained during an observing run on 1994 June 9-10 and during service time on 1993 September 20. A detailed discussion of these spectra will be presented elsewhere (Boyle et al., in preparation) Baldwin, Philips & Terlevich (1981) and Filippenko & Terlevich (1992) reveals that the sample is composed of approximately equal numbers of starburst-like galaxies and Seyfert 2-like galaxies, although many objects lie close to the transition regions in the classication schemes used. Emission line ratios and classications for these objects are presented in Table 2 . The measured FWHM for the Balmer lines in these spectra lie in the range 180 km s 01 < FWHM < 450 km s 01 , conrming their original identication as narrow-lined objects, and distinct from broad-lined QSOs. However, as many as half the sample may exhibit weak broad emission (FWHM > 1000 km s 01 ) at the base of H, although this is very much dependent on the adopted emission line prole used erg s 01 ) narrow emission line galaxies were also identied at low redshift (z < 0:2) in the EMSS by Stocke et al. (1991) . Since the emission line galaxies fullled the criterion that [OIII]5007 >[OII]3727, they were classied as AGN without exhibiting any broad emission lines. Based on the list of`ambiguous' sources listed in tables 8 and 10 of Stocke et al. (1991) , it is possible that up to 31 objects classied as AGN in the EMSS could be similar to the types of NLXGs identied in the CRSS. We observed 7 of these objects with ISIS at 1.5-A resolution during the WHT run on 1994 June 9-10 and found that the FWHM of the H and H lines lay in the range 200{600 km s 01 , although, as was the case for the CRSS objects, the presence of weak broad lines was dicult to establish due to uncertainties in tting proles to the wings of the narrow emission lines. The measured emission line ratios and corresponding classications for these seven EMSS objects are given in Table 3 . Despite the small numbers of objects involved, the relative numbers of starburst-like spectra and Seyfert 2-like spectra seem approximately similar to those identied in the CRSS. Moreover, these numbers agree with those found from a similar spectroscopic classication of the ambiguous EMSS sources performed by Fruscione, Griths & Mackenty (1993) . Although it would appear unlikely that the NLXGs in either the CRSS or EMSS form a homogeneous group (although most lie close to the classication boundary between starburst galaxies and Seyfert 2s), an overall estimate of their total space density and evolution can be used to provide a useful upper limit to the contribution of NLXGs (starburst and Seyfert 2) to the 1{2 keV XRB. We have therefore combined the EMSS`ambiguous' sources with the CRSS NLXGs to give a total sample of 43 objects, which will be used as the basis for the analysis below.
Evolution
The NLXG fraction in the total X-ray source counts (including non-extragalactic sources) increases with ux limit (4 per cent in the EMSS, S(0:3 0 3:5 keV) > 1 2 Low-resolution (10 A) spectra for all 12 narrow emission line galaxies identied in the CRSS. The ux scale is plotted in arbitrary units. 10 013 erg s 01 cm 02 ; and 10 per cent in the CRSS, S(0:5 0 2 keV) > 2 2 10 014 erg s 01 cm 02 ) in a similar manner to QSOs. To establish whether this is due to cosmological evolution, we calculated the < Ve=Va > statistic (Avni & Bahcall 1980) for the 43 NLXGs in the EMSS and CRSS. We rst converted the 0.5{2 keV ROSAT uxes to the Einstein band assuming S(0:303:5 keV) = 1:82S(0:502 keV), appropriate for an X-ray spectral index 0:8 < X < 1:5 . For q 0 = 0:5 we obtained a value of < Ve=Va >= 0:72 6 0:04, more than 5 higher than the no-evolution value of 0.5.
Having conrmed that the NLXG sample exhibits signicant cosmological evolution, we then used the maximum likelihood technique to obtain a`best-t' parametric representation of the evolution and luminosity function (LF) of this sample. We adopted a two-power-law model for the NLXG LF, also found to t the QSO X-ray LF :
where 8 3 is the normalization of the LF and 1 , 2 are the slopes of the faint and bright ends of the LF. L X44 is the 0.3{ 3.5 keV X-ray luminosity expressed in units of 10 44 erg s 01 . The evolution of the NLXG LF was also assumed to have the The de-evolved X-ray luminosity function for the X-ray-luminous galaxies identied in the EMSS and CRSS. Figure 5 . The number-ux relation for NLXGs in the CRSS (triangles). The predicted number-ux relation for X-ray galaxies based on the evolution model described in the text is denoted by the dashed line. The solid line illustrates the predicted numberux relation for QSOs based on evolution model U of Boyle et al. (1994) . same form as that adopted for the QSOs: namely a (1 + z) power-law evolution in the`break' luminosity, L 3 X (z):
Throughout this analysis we adopt a spectral index X = 1. Although it is slightly harder than the mean spectral index derived for the NLXGs in the CRSS ( X = 1:2, Cilegi et al., in preparation), by using this value we can directly compare our results with those for X-ray-selected QSOs Boyle et al. 1993 Boyle et al. , 1994 also obtained for X = 1. Nevertheless, the eect of the spectral index of the derived power-law evolution is extremely straightforward, viz. any change to the adopted QSO spectral index, X , results in an identical change in the derived value of the evolution parameter k.
From the maximum likelihood analysis we obtain the following`best-t' parameter values: 1 = 1:9 6 0:25, 2 = 3:8 6 0:2, L 3 01 . This model was an acceptable t to the data with a KS probability of greater than 10 per cent. Although dominated by a large error (caused by the small redshift range of the sample), the derived rate of evolution for these objects is consistent with that obtained by Boyle et al. (1994) for X-ray QSOs (k = 3:17) after the exclusion of the 31 EMSS`ambiguous' sources (model U in Boyle et al. 1994) . A binned version of the de-evolved z = 0 LF is plotted in Fig. 4 . The observed and predicted number-ux relations for the NLXGs are plotted in Fig. 5 , together with the predicted QSO number-ux relation based on model U in Boyle et al. (1994) . Both models are integrated out to z = 4, with no evolution beyond zmax = 2. These models predict that the QSOs dominate the X-ray source counts until S(0:3 0 3:5keV) 2 2 10 016 erg s 01 cm 02 , beyond which NLXGs become the dominant population.
3.3 The X-ray background To estimate the specic intensity due to NLXGs, we integrate over the 0:3 0 3:5 keV LF:
where we have chosen our limits to be L Xmin = 10 39 erg s 01 , L Xmax = 10 47 erg s 01 , z min = 0 and zmax = 4. We use the specic intensity of the extragalactic background in the 1 0 2 keV energy range derived by Hasinger et al. (1993) , I XRB (1{2 keV) = 1:25 2 10 08 erg cm 02 s 01 sr 01 . Assuming a spectral index of X = 1, the specic intensity derived for NLXGs in the 0:3 0 3:5 keV band is multiplied by 0.28 to obtain the specic intensity in the 1 0 2 keV band. Note that the fractional contribution of NLXGs to the XRB computed by this method is insensitive to the choice of spectral index, since any increase in the adopted spectral index will be precisely cancelled out in the above equation by the corresponding increase in the evolution parameter k (see above).
For our`best-t' model we obtain a specic intensity I NLXG (1 0 2 keV) = 2:4 2 10 09 erg cm 02 s 01 sr 01 , corresponding to a contribution to the XRB of 16 per cent. However, this model assumes that the power-law evolution continues unchecked until z = 4. A more realistic model would include a maximum redshift zmax beyond which the evolution`switches o' and the comoving space density of QSOs remains constant. Adopting zmax = 2, consistent with the X-ray evolution of QSOs , we derive an overall contribution of 14 per cent. This implies that most of the contribution to the XRB from these galaxies comes from within z < 2. The contribution to the XRB from NLXGs with L X > 10 42 erg s 01 (the minimum luminosity observed in our sample) is 6 per cent.
There are also signicant uncertainties in the XRB calculation associated with the value of the`best-t' parameters. In the model with zmax = 2 considered here, increasing the evolution parameter to its 1 upper limit, k = 3:5 results in a contribution of 32 per cent. However, the biggest uncertainty in the estimated contribution to the XRB is the slope of the faint end of the luminosity function. Although the best-estimate is 1 = 1:89, the value of 2 = 2 is within the 1 error. With such a steep slope, I NLXG does not converge and the derived contribution to the XRB is dependent on the lower luminosity limit adopted in the integration. For L Xmin = 10 37 erg s 01 , a model with k = 2:5, 1 = 2:0 and zmax = 2, the contribution more than doubles from 14 per cent to 37 per cent. A further decrease of the minimum luminosity in the limit of integration would increase the contribution to even higher values.
CONCLUSIONS
We have identied 12 X-ray-luminous narrow emission line galaxies (NLXGs) based on a spectroscopic survey of 123 serendipitous ROSAT X-ray sources with S(0:5 0 2keV) > 2 2 10 014 erg s 01 cm 02 . The X-ray luminosities of these galaxies range from 10 42 to 10 43:5 erg s 01 , one to two orders of magnitude greater than observed for typical latetype galaxies. Their optical spectra exhibit emission line ratios characteristic of high ionization, and the sample appears to be composed of approximately equal numbers of starburst and Seyfert 2 galaxies. Coupled with a potentially similar class of objects in the EMSS, the NLXGs exhibit a rate of cosmological evolution, L X / (1 + z) 2:661:0 , similar to that derived for X-ray QSOs. The NLXG luminosity function exhibits the same two-power-law form as the QSO luminosity function, but with a steeper faintend slope. Extrapolation of the luminosity function and its evolution yields a predicted NLXG contribution to the 1 0 2 keV X-ray background of 15 { 35 per cent, with NLXGs comprising the majority of the faint X-ray sources at S(0:5 0 2keV) < 2 2 10 016 erg s 01 cm 02 . Further classication of the NLXGs in the EMSS and CRSS samples will enable luminosity functions to be derived for the dierent types of object that make up this heterogeneous class, but, if the current relative numbers of starburst and Seyfert 2 galaxies observed are typical, then it suggests that both types of object contribute between 7 and 17 per cent of the 1{2 keV background. ACKNOWLEDGMENTS BJB and RGM acknowledge the receipt of Royal Society University Research Fellowships. We are indebted to Dr Mike Irwin for observing the two spectra obtained during spectroscopic service time on the William Herschel Telescope. BJB also acknowledges the support and hospitality of the Smithsonian Astrophysical Observatory. The X-ray data were obtained from the Leicester and Goddard ROSAT archives. This work was partially supported by NASA grants NAGW-2201 (LTSA) and NAS5-30934 (RSDC). The optical spectra were obtained at the William Herschel Telescope at the Observatorio del Roque de los Muchachos operated by the Royal Greenwich Observatory.
